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Preface
Interest in free radical metabolites of xenobiotics as
possible toxic intermediates or ultimate carcinogens
dates tothe early 1940's. These early speculations arose
primarily from the chemical reactivity ofalmost all free
radicals. Early support for this type ofspeculation was
found in the fact that some physical carcinogenic pro-
cesses such as ionizing radiation and UV light produce
free radicals. Tobacco smoke was also discovered to
contain large numbers of free radicals.
A free radical is any organic molecule with an odd
numberofelectrons. Evenassimpleanorganicmolecule
as benzene can be transformed into three chemically
distinct, highly reactive free radicals. One-electron ox-
idation, the removal ofanelectronfromtheir-electrons,
results in the formation of the benzene cation radical.
The addition of an electron, that is, one-electron re-
duction ofbenzene, results in the formation ofthe ben-
zene anion radical. The third free radical is formed by
the homolytic cleavage of one of the C-H bonds by ul-
traviolet light or other radiation to form a hydrogen
atom and the phenylradical. Severe chemical conditions
are necessary to form radicals from benzene, but this
is not always the case. In fact, many classes of free
radicals are formed as a result of the metabolism of
chemicals.
Before free-radical metabolism can clearly be impli-
cated in the origin of any toxic effect, three conditions
must be met. First, the free radical metabolite must be
demonstrated to exist. The best method of detecting
free radicals is that of electron spin resonance spec-
troscopy, which permits the determination ofboth the
free radical's structure and concentration. Second, be-
cause the toxicity of free radicals is presumably the
result ofpurely chemical reactions, a knowledge ofthe
radical's chemistryunderphysiological conditions is also
necessary.
The third condition is that the characteristics of the
toxicity must be consistent with the known enzymatic
and nonenzymatic free-radical reactions. In some cases,
the manipulation ofan animal model provides evidence
that a toxicity is indeed free radical-mediated. Carbon
tetrachloride, paraquat, and nitrofurantoin poisoning
represent examples of free radical-mediated toxicity
whichhavebeenwell studied and fulfillallthree ofthese
conditions.
Most scientists in the biomedical sciences are aware
of the oxygen-derived free radical superoxide and its
antagonist, superoxide dismutase, due to the investi-
gations of Fridovich, McCord, and many others. The
near universality of free radicals in the metabolism of
chemicals other than oxygen is less well known.
Foravariety ofreasons, the possibility offree-radical
metabolism has notreceived much attention inthe past,
although Michaelis of the Michaelis-Menten equation
was interested in free-radical metabolites and their im-
portance in biochemistry in the 1930's. One reason for
the late development ofthis area is that most biochem-
icals are not aromatic, and therefore are not easily me-
tabolized through free-radical intermediates. Glutathi-
one and vitamin C are rather rare exceptions to this
rule. In contrast, almost all synthetic aromatic organic
compounds and manyinorganic compounds such as bi-
sulfite are metabolized to a reactive free radical by at
least one enzyme.
In summary, free-radical metabolites are merely
those metabolites with an odd number of electrons.
Since there are as many odd numbers as even numbers,
it follows that fullyhalfofthe metabolites ofxenobiotics
are missed by approaches which do not explicitly search
for free-radical metabolites.
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